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A brief comparison between NAA and MSFC vibration 

ana acoustic data is given, It is shown that the NAA estimates 

are lower than the MSFC estimates for both the acoustic and 

vibration environment in the adapter-instrument unit region, 

A fairly good correspondence may be found between the NAA and 

MSFC data for the C,M, An explanation of t h e  terms and defini- 

tions required to understand t h e  graphs is given in t h e  Appendix, 
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I N T R O D U C T I O N  

I n  E a t h e r i n g  i n f o r m a t i o n  f o r  u s e  i n  w r i t i n g  a s e c t i o n  
on induced e n k r o n m e n t  f o r  t h e  P r o j e c t  S p a c e c r a f t  Requirement 
S p e c i f i c a t i o n ,  i t  was found t h a t  MSC has a t  t h e  p r e s e n t  no 
document t h a t  cove r s  induced environment ,  There are s p e c i f i -  
c a t i o n s  by t h e  prime c o n t r a c t o r s ,  NAA and Grumann, An a t t empt  
i s  made here  t o  compare N A A ' s  data w i t h  MSFC9s t e s t  r equ i r emen t s  
i n  t h e  f i e l d s  -of a c o u s t i c s  and random v i b r a t i o n s  on t h e  e x t e r i o r  
side o f  t h e  s p a c e c r a f t ,  

A C O U S T I C S  

MSFC p r o v i d e s  i n  Reference  1 a c o u s t i c  data f o r  t h e  
complete launch  vehic lewhich  i s ,  f o r  t h i s  purpose ,  d i v i d e d  i n  
d i f f e r e n t  zoneso  O f  p a r t i c u l a r  i n t e r e s t  f o r  t h e  comparison a t  
hand i s  t h e  zone d e f i n e d  as Payload (Page 300)  and t h e  zone 
d e f i n e d  as Ins t rumen t  Unit  (Page 2 9 9 ) 0  North American Av ia t ion  
shows i n  Reference 2 (Pages 46-47) a c o u s t i c  data f o r  v a r i o u s  
p a r t s  of  t h e  CM, t h e  SM, and t h e  Adapter ,  Comparison between 
t h e  two documents i s  p o s s i b l e  i n  two zoneso  The zone c a l l e d  
" Ins t rument  Uni t"  by  MSFC shou ld  compare w i t h  N A A * s  "Adapter" 
and MSFC g e n e r a l  zone termed "Payloadt1 shou ld  be a g e n e r a l  
envelope o f  NAA de ta i led  data f o r  v a r i o u s  l o c a t i o n s  a l o n g  t h e  
CSM, F i g u r e  No, 1 compares t h e  sound p r e s s u r e  l e v e l s  i n  t h e  
adapter - ins t rument  u n i t  r e g i o n ,  MSFC's data was g iven  i n  
Reference 1 i n  t a b u l a r  form i n  f u n c t i o n  o f  one t h i r d  oc tave  band 
geometr ic  mean f r e q u e n c i e s ,  These data were t ransformed i n t o  
oc t ave  band f r e q u e n c i e s  i n  o r d e r  t o  make them comparable t o  t h e  
cu rves  g iven  i n  Reference 2 ,  F i g u r e  1 shows tha t  N A A 8 s  v a l u e s  
f o r  sound p r e s s u r e  l e v e l  (SPL)  are s l i g h t l y  h i g h e r  a t  f r e q u e n c i e s  
below 180 CPS b u t  fall fa r  below MSFC v a l u e s  a t  the  h i g h e r  f re-  
q u e n c i e s o  O v e r a l l  SPL as estimated by NAA i s  about  1 0  dB 
lower t h a n  MSFC's, 

F i g u r e  No, 2 compares MSFC's o v e r a l l  s p a c e c r a f t  curve  
w i t h  v a r i o u s  NAA c u r v e s o  Only NAA cu rves  which e i t h e r  came c l o s e  
o r  i n t e r s e c t e d  MSFC*s envelope curve  were selected. ,  It may b e  
no ted  t h a t  very  f e w  o f  t h e  cu rves  i n t e r s e c t  t h e  MSFC envelope 
and tha t  N A A ' s  o v e r a l l  sound p r e s s u r e  l e v e l  i s  a t  l eas t  5 dB 
lower t h a n  t h e  MSFC o v e r a l l  sound p r e s s u r e  l e v e l .  
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RANDOM VIBRATION 

The only  p o s s i b l e  comparison between Reference 1 
and 2 i s  i n  t h e  SM-Adapter-Instrument Uni t  area, The a p p l i -  
c a b l e  v a l u e s 2 a r e  p l o t t e d  on F i g u r e  3 as a c c e l e r a t i o n  s p e c t r a l  
d e n s i t y  i n  G /CPS v e r s u s  f requency  i n  CPS, The curve  shows 
tha t  g e n e r a l l y  speak ing  t h e  NAA cu rve  i s  lower t h a n  the MSFC 
curve  , 

Reference 3 c o n t a i n s  a comparison between MSFC and 
MSC v i b r a t i o n  data f o r  t h e  CM, The s o u r c e  o f  t h e  MSC data 
p r e s e n t e d  i n  Reference 3 i s  now known, I n  obse rv ing  t h i s  
comparison f o r  random v i b r a t i o n  one ge ts  t h e  impress ion  t h a t  
t h e  v a l u e s  g i v e n  f o r  MSC are s l i g h t l y  higher t h a n  t h e  ones 
g iven  by MSFC i n  t h e  rear of  t h e  command module bu t  lower 
t h a n  t h e  MSFC data f o r  t h e  f r o n t  of  t h e  CM, T h i s  i s  due t o  
t h e  f a c t  t h a t  t h e  MSC data g iven  i n  Reference 3 are i d e n t i c a l  
f o r  a l l  r e g i o n s  of t h e  CM, Newest data from NAA,  Reference 
2 shows d i f f e r e n c e s  between d i f f e r e n t  s e c t i o n s  o f  t h e  CM and 
acco rd ing  t o  t h o s e  f i g u r e s  t h e  MSFC data are c o n s i s t e n t l y  
lower t h a n  t h e  N A A  data, F i g u r e  No, 4 compares t h e  MSFC 
data from Reference 3 w i t h  t h e  newest NAA f i g u r e s  i n  t h e  
f r o n t  and rear o f  t h e  CM, The f i g u r e  a l s o  shows t h a t  o v e r a l l  
CM v i b r a t i o n  l e v e l s  from MSC (Reference 3 )  cor respond t o  t h e  
N A A ' s  data f o r  a f t  heat s h i e l d  i n  Reference 2 ,  

C O N C L U S I O N S  

The NAA s p e c i f i c a t i o n s  f o r  bo th  t h e  a c o u s t i c  and 
the  v i b r a t i o n  environment i n  t h e  adapter - ins t rument  u n i t  
r e g i o n  are lower t h a n  t h e  v a l u e s  e s t ab l i shed  by MSFC, F a i r l y  
good correspondence i s  found i n  t h e  CM area, 

$ . e , L  
J ,  L ,  P e t e r s o n  

2011-JJS-rda J L P  

Attachment 
Appendix 

D i s t r i b u t i o n  
See attached page 
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For  the b e n e f i t  o f  t h e  reader n o t  used t o  t h e  termin-  
ology used i n  t h i s  memorandum, a br ief  e x p l a n a t i o n  o f  t h e  common 
terms fo l lows :  

ACOUSTICS 

Sound I n t e n s i t y  (I)  i s  the a c o u s t i c  power h i t t i n g  a 

u n i t  of s u r f a c e ,  It i s  u s u a l l y  expres sed  i n  W a t t s / C M  

_I 

2 

- Sound I n t e n s i t x  Levez i s  d e f i n e d  as 
I S I L =  1 0  Log10 (Elo 

It i s  expres sed  i n  d e c i b e l s  ( d B ) ,  I o  i s  e q u a l  t o  t h e  
a r b i t r a r i l y  s e l e c t e d  sound i n t e n s i t y  r e f e r e n c e  which i s  
usua l ly  me lower a u d i b l e  l i m i t ,  W a t t / C M 2 ,  When 
a sound i n t e n s i t y  l e v e l  i n  d B  i s  g iven  t h e  r e f e r e n c e  
sound i n t e n s i t y ,  I o ,  shou ld  a lways  be d e f i n e d ,  

- Sound Pressur ,e  i s  related t o  sound i n t e n s i t y  by 

where 

p i s  d e n s i t y  

c v e l o c i t y  o f  sound 

- Sound P r e s s u r e  Level  may be o b t a i n e d  by s u b s t i t u t i n g  t h e  
above r e l a t i o n  m e  d e f i n i t i o n  f o r  sound i n t e n s i t y  l e v e l  
or 

SPL = 1 0  Log10 

T h i s  i s  c o r r e c t  under  t h e  
sound and the d e n s i t y  are 

assumption that  t h e  v e l o c i t y  o f  
c o n s t a n t  , 

c 
t a m 
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The r e f e r e n c e  sound p r e s s u r e  has t o  be provided  t o  make 
t h i s  e x p r e s s i o n  meaningful ,  
Dynes/CM2 o r  mic r sba r  (which i s  a l s o  e q u i v a l e n t  t o  

It i s  u s u a l l y  Po = 0,0002 

2 x 10-5 NEWTONIM~ (N/M~) , 

Sound p r e s s u r e  l e v e l  i s  a l s o  g iven  i n  dB,  Only f o r  one 
s p e c i f i c  temperature w i l l  the  S I L  and t h e  SPL have t h e  
same numer ica l  va lue  i n  dB,  

Both S I L  and SPL are measured f o r  a c e r t a i n  f requency 
band, Consequently,  i n  comparing d i f f e r e n t  data it  
may be necessa ry  t o  conve r t  t h e  data t o  t h e  same band 
w i d t h ,  
f o r  the  bands 1 and 2 ,  t h e n  the  SPL f o r  t h e  combined band 
c o n s i s t i n g  of bo th  bands 1 and 2 i s  g iven  by 

Given f o r  i n s t a n c e  t h e  sound p r e s s u r e  P1 and P2 

O v e r a l l  Sound P r e s s u r e  Level  i s  t h e  SPL cor responding  t o  
t h e  whole frequency band as g iven  by 
- - 

SPLovera l l  

RANDOM VIBRATION 

V i b r a t i o n s  are measured i n  terms of G o  T h i s  means t h a t  a 
G va lue  of  2 cor responds  t o  t w i c e  the  a c c e l e r a t i o n  of g r a v i t y ,  

Mean Square A c c e l e r a t i o n ,  S ince  t h e  v i b r a t i o n  has no 
d e f i n i t e  peak va lue  i t s  mean squa re  a c c e l e r a t i o n  is  used,  
It i s  d e f i n e d  as: 

T 

I f  a ( t )  were p e r i o d i c  it would be s u f f i c i e n t  t o  i n t e g r a t e  
ove r  one p e r i o d ,  
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A c c e l e r a t i o n  v Power S p e c t r a l  Dens i ty ,  
o f t e n  d e s c r i b e d  i n  s p e c t r a l  terms, This is  done by 

The v i b r a t i o n  i s  

d i v i d i n g  t h e  frequency range  i n t o  smaller frequency 
bands, measuring t h e  mean squa re  a c c 9 l e r a t i o n  i n  each 
band and d i v i d i n g  it by i t s  bandwidth, The f u n c t i o n  
ob ta ined  by a l lowing  the bandwidth A f  t o  approach 
z e r o  i s  c a l l e d  a c c e l e r a t i o n  power s p e c t r a l  d e n s i t y  
and t h e  whole f u n c t i o n  p l o t t e d  a g a i n s t  f requency i s  
cal led the power spectrumo Thus, t h e  a c c e l e r a t i o n  
power spec t r a l  d e n s i t y  

APSD F l i m  (r2 ( f , A f ) )  
Af-to A f  

where A f  e x p r e s s e s  t h e  frequency bandwidth and x2 t h e  
mean squa re  a c c e l e r a t i o n  a t  a frequency f and a band- 
width A f ,  

C a l c u l a t i o n s  o f  S lopes  i n  dB/Oc,tave. I n  a graph of 
power s p e c t r a l  d e n s i t y  i n  G /CPS vs  frequency i n  
CPS on l o g  l o g  paper t h e  s l o p e s  of s t ra ight  l i n e s  
are g iven  i n  dB/octav@, These s l o p e s  may be  computed 
e a s i l y  remembering t ha t  

.-L t- 2 
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